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Note to Readers

There are two sets of document histories in the 810-005 document that are
reflected in the header at the top of the page. First, the entire document is periodically released
as a revision when major changes affect a majority of the modules. For example, this module is
part of 810-005, Revision E. Second, the individual modules also change, starting as an initial
issue that has no revision letter. When a module is changed, a change letter is appended to the
module number on the second line of the header and a summary of the changes is entered in the
module’s change log.
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1 Introduction

1.1 Purpose

This module provides a catalog of the angular positions of astronomical radio
sources that establish the celestial reference frame used for interplanetary spacecraft navigation
using Delta-Differential One-way Ranging (ADOR). The catalog may also be useful for other
applications requiring the precise location of radio sources such as antenna pointing calibration.

1.2 Scope

The discussion in this module is limited to describing the contents of the source
catalog and providing a listing of the catalog — both within the module and as links to several
computer-readable versions. The equipment used to collect the data from which the catalog is
derived is discussed in module 211 of this handbook. The capabilities of the DSN for
performing ADOR are contained in module 210.

2 General Information

The angular positions of a set of extragalactic radio sources serve as fiducial
points for ADOR observations performed by the DSN. This set of point positions is commonly
referred to as a catalog. The catalog described in this module comprises 847 sources that have
been observed in a frequency range that includes the X-band deep space allocation
(International Telecommunications Union Category B) of 8,400 — 8,450 MHz. A distribution of
the radio sources in the catalog is illustrated by Figure 1.

2.1 Catalog Development

The primary data used to develop the source catalog are X-band and S-band
VLBI data acquired with the DSN VLBI Subsystem and processed through the JPL VLBI
Correlator (JVC). The correlator determines the angular positions of the radio sources by a
monolithic least squares fit to the VLBI data set. Details of the physical modeling required by
this procedure are given in Reference 1.

2.2 Catalog Format

The catalog uses the J2000 reference frame and is aligned with the International
Earth Rotation Service (IERS) 94-CO1 frame. In addition to the presentation in Table 1, the
catalog is available for download as a fixed-width file at
http://eis.jpl.nasa.gov/deepspace/dsndocs/810-005/107/catalog-fixed.txt and a tab-delimited file
at http://eis.jpl.nasa.gov/deepspace/dsndocs/810-005/107/catalog-delimited.txt Lines of the
fixed-width file are terminated with ASCII Character 10 (Unix convention). Lines of the tab-
delimited file are terminated with ASCII Characters 13 and 10 (DOS convention). The
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Figure 1. Distribution of Radio Sources in Catalog.

following descriptions are applicable to all three presentations. The fixed-width file may be
read with the following FORTRAN format statement, “FORMAT (1X, A8, 1X, A12, 14, 213,
F12.8, 1X, A1,12,13,F11.7, F11.8, F10.7, F8.4, 2F8.1, 16, F7.3, F6.1).”

2.2.1 B1950 Name (characters 2 through 9)

This is the source name based on its position at the Besselian epoch B1950.0
which is one of the two standard epochs that have been used in the last 30 years for reporting
source positions (the other being the Julian epoch J2000.0). The name is related to the position
of the source but is most useful for searching historical databases information about the source.
The name is constructed as follows. The first two digits represent hours of right ascension
(RA), the next two digits minutes of RA, the fifth place is used to specify the sign of the
declination, places 6-7 give degrees of declination, and the last digit gives the first digit of the
fractional part of degrees of declination. Thus the first entry in the catalog, 2358+189, is
interpreted as a right ascension of twenty-three hours and 58 (time) minutes and a declination
of plus 18.9 degrees at the B1950.0 epoch.

2.2.2 Common Name (characters 11 through 22)

This is the name most commonly used in the literature for the source and is the
name used by the DSN for Delta-DOR measurement scheduling. Often, there is a short prefix
that indicates the organization or radio observatory that first documented the source in a survey.
The remainder of the name may be related to the source position or may be an arbitrary
sequence number. Some of the prefixes and naming conventions include:
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3C nnn — From the Third Cambridge Catalog. The nnn is the numerical
designation assigned by the catalog. This survey, originally conducted at
159 MHz, identified many of the stronger sourcesused in VLBI.
Unfortunately, many of these stronger sources are also less point like
making them less desirable for the highest accuracy astrometric
measurements.

4C zz.nn — From the Fourth Cambridge Catalog. The zz corresponds to
the declination “zone.” The nn is a sequential number within the zone.
There are no sequential numbers greater than 99.

B2 RRrrSDDa— Most likely from the Second Bologna Survey. The RRrr
is hours and minutes of right ascension, Sisthe sign of declination and
DD is degrees of declination. The meaning of a (an alpha character) is
unknown.

CTA nn and CTD nn — From the California Institute of Technology “A”
or “D” surveys where nn isthe numerical designation assigned by the
catalog.

DW RRrrSDDd — From the Dwingelo Radio Observatory (Netherlands)
catalog. The RRrr is hours and minutes of right ascension, Sisthe sign
of declination, DD is degrees of declination, and d (if present) is the first
digit of the fractional part of declination.

GC RRrrSDDd — Most likely names taken from the “General Catalog of
33342 (optical) Stars.” The RRrrSDDd are as described before.

HR nnnn— Mot likely names taken from the “Harvard Revised (optical)
Catalog” where nnn is the numerical designation assigned by the catalog.

M nn —Most likely names taken from the “Messier Catalog of Galaxies’
where nn is the numerical designation assigned by the catalog.

NRAO nnn — From the National Radio Observatory catalog where nnnis
the numerical designation assigned by the catalog.

O_ nnn— From the Ohio State Survey where the second letter indicates
the hour of right ascension (two letters are skipped from the alphabet)
and nnn is a numerical designation assigned by the catalog.

P RRrrSDDd — From the Parkes Radio Observatory (southern Australia)
survey. The RRrrSDDd are as described before.

VRO DD.RR.rr — From the Vermillion River Observatory (University of
[llinois) catalog. The DD is degrees declination and RR is hours right
ascension. The rr is unknown but may be either minutes of RA or
fractional hours of RA.
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2.2.3 ID Number (characters 23 through 26)

A unique number, presently in the range of 1 to 1206, is assigned to each radio
source for use by programs that identify sources by number instead of name. The
correspondence between source name and number will not change when the catalog is updated.
This catalog can be used to establish a unique correspondence between the B1950 or Common
Name and ID number. If one of the sourcesin this catalog is deleted from future revisions of
the catalog delivery, its number will be retired. When a new source is added, it will be assigned
anew number starting with 1207.

2.2.4 Angular Positions (characters 28 through 62)

Angular positions are specified by a pair of angular coordinates. Right ascension
and declination. Note that while right ascension used to be defined as the angular distance
along the celestial equator from the intersection of the equator and the ecliptic, thisis no longer
trueonce one becomes concerned with accuracy levels < 100 milliarcseconds (500 nrad).

Since 1 January 1998, right ascension-and most importantly the origin of RA,
have been defined by conventional agreement as to the value of the RA of extragalactic radio
sources. In practice this means that the axes implicitly defined by a set of source positions must
agree with the International Celestial Reference Frame (Reference 2) to within the formal
uncertainty of the |CRF axes or approximately 20 micro-arcseconds (1 sigma). Thus, the
orientation of the celestial frame axes may vary in future realizations by roughly that amount.

2241 Right Ascension (characters 28 through 44)

Right Ascension is presented in the form “hh mm SS.ssssssss” where the first
sub field gives hours of RA followed by (time) minutes of RA and (time) seconds of RA to
eight decimal places.

2.2.4.2 Declination (characters 46 through 62)

Declination is presented in the form “Sdd mm SS.ssssssss” where first sub-field,
Sor column 46, gives the sign of declination (ablank is allowed and should be interpreted as a
positive declination). The remaining subfields give angular declination in degrees, minutes, and
seconds to seven decimal places.

Note that a minus sign applies to the whole declination (ddmmss.sssssss). For
example, a declination of —00 00 00.sssssss should be read as minus 0.sssssss arcseconds of
declination. This means that users desiring decimal representations of declination must first
convert from degrees, minutes, seconds format to decimal format and THEN apply the relevant
sign. To simplify this process, atab character (ASCII 9) is inserted between the sign and the
declination in the tab-delimited file and the sign isin a fixed position in the fixed-width file.
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225 Right Ascension Error (characters 64 through 73)

This field provides the formal one-sigma Right Ascension uncertainty in units of
seconds of time.

2.2.6 Declination Error (characters 74 through 83)

This field provides the formal one-sigma Declination uncertainty in units of
arcseconds.
2.2.7 Correlation of Right Ascension and Declination (characters 85 through 91)

This field provides the formal correlation of right ascension and declination. The
quantity may range from —1.0 to +1.0 and a blank in front of the value should be interpreted as
indicating a positive correlation. Values close to zero indicate that the principal axes of the
error ellipse are close to the RA-Dec axes. The large number of negative correlationsis, in part,
due to the large influence of the Californiato Australia baseline (typically between DSS-15 and
DSS-45) on determination of declination.

2.2.8 Observation Epochs (characters 93 through 107)

Epochs are referred to Modified Julian Day (MJD) and are in typically in the
neighborhood of 50,000.

2281 Initial (characters 93 through 99)
The beginning epoch of the first observation.

2.2.8.2 Last (characters 101 through 107)
The termination epoch of the most recent observation.

2.2.9 Number of Observations (characters 109 through 114)

The number of observations, where an observation is defined as a continuous
data collection period, may be used as arough indicator of the robustness of the position
determination. Any position based on less than 3 sessions should be considered provisional.

2.2.10 Correlated Flux Density (characters 115 through 120)

Thisis an estimate of the average correlated flux density for observations of the
radio source using DSN baselines Goldstone-Madrid and Goldstone-Canberra. This value (Jy)
was derived using a nominal conversion factor from measured signal-to-noise ratio (SNR). The
SNR is determined during the cross-correlation and fringe-fitting of actual observations. If no
recent observations of aradio source on DSN baselines are available, then no value is provided
for correlated flux.
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2211 Delay Scatter (characters 122 through 126)

The delay scatter (ps) is determined by residuals of observations for this radio
source to the global fit of all observations to estimate radio source coordinates. It represents a
“goodness of fit” of the datato a point source model. A value in the range of 0to 40 psis
typical for a sourcethat is point-like. A value in the range of 40 to 60 psistypical for a source
that has significant structure. The source structure itself may contribute an error of this
magnitude to the delay error budget. A value above 60 psistypical for a source with large,
extended, and possibly variable structure.
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